Purpose Advances in genomic technologies are prompting a realignment of diagnostic and management pathways for rare inherited disease. New models of care are being developed as genomic-based diagnostic testing becomes increasingly relevant within more and more aspects of medicine. This study describes current care models for the provision of a genomic-based diagnosis for patients with inherited retinal dystrophy (IRD) in UK clinical practice. Methods A structured telephone survey, conducted (in 2014) with all 23 UK Regional Genetics Centres and a sample of specialist ophthalmology centres (n = 4), was used to describe models of service delivery and current levels of genomic-based diagnostic testing. Quantitative data were summarised using descriptive statistics. Responses to open-ended questions were summarised using thematic analysis. Results Of the 27 centres 10 of them saw IRD patients in 'generic' clinics and 17 centres offered ophthalmic-specific clinics. Extensive regional variation was observed in numbers of patients seen and in how care for the diagnosis and management of IRD was provided. Conclusions Understanding current practice is a necessary first step in the development and evaluation of complex interventions, such as care models for the genomic-based diagnosis of inherited eye conditions. Presented findings here relating to disparities in care provision are potentially linked to previously reported evidence of perceived unmet needs and expectations of IRD service users. This work provides a foundation for the integration of new care models in mainstream medicine.
Introduction
Inherited retinal dystrophies (IRD) are a group of genetically and clinically heterogeneous inherited eye conditions that result in vision loss. For the majority of patients there is no effective preventative treatment, although novel therapies, are in development. 1 Consequently, the present focus is upon accurate diagnosis and conservative management, aligned to genetic counselling and molecular testing. [2] [3] [4] Despite individual components of care for IRD demonstrating clinical utility, the delivery of models of care in clinical settings in the United Kingdom has been reported to fall below services users' needs and expectations. 5 A 2008 report identified significant variation in the extent of service delivery for IRD across the UK. 6 Recent studies have underlined that, while service users and providers concur about which elements of care are desirable, no precise care model of best practice exists. 3, 5 The body of evidence indicating regional inequities has informed a recent NHS England policy directive to re-organise specialist ophthalmology services under agreed national guidelines. 7 To facilitate this re-organisation, new care models that can be implemented in a consistent way across the health service are required.
Recognition of the need for the standardisation of IRD services comes at a time of unprecedented change as next-generation sequencing (NGS) is becoming integrated into mainstream practice, 8 increasing the opportunities for patients to derive clinical utility from genetic tests. 9 To ensure that the introduction of such new technologies improve, rather than compound, problems of regional variation, it is necessary to equip clinicians and service users to develop standardised care models and clear guidance on best practice. Since care models for IRD incorporate multiple components, for example, counselling, genomic testing, and clinical care, they are best viewed as a 'complex intervention'. The Medical Research Council guidance 10 on the development and evaluation of complex interventions outlines a need to understand current practice in order to inform the design of future interventions and to establish whether new working practices offer improvements at an acceptable cost. The aim of this paper is to describe current care models for IRD in the UK, so that as novel care models are developed, knowledge of current practice can be used to determine their relative effectiveness and value-for-money.
Materials and methods
A UK-wide semi-structured telephone survey was used to describe current care models for IRD.
Sampling frame
Healthcare professionals from Regional Genetics Centres (RGCs) and specialist ophthalmology centres in the United Kingdom who provide IRD in secondary care settings were recruited through existing formal and informal networks. RGCs were identified from the British Society for Genomic Medicine's website. 11 To our best knowledge these are the centres who have a significant role in UK care provision for IRD. At the time of the survey, we asked each respondent if they knew of other centres providing IRD care in their region. We ensured that there was no duplication of responses; each ophthalmology centre was distinct from any RGC. Taken as a whole, therefore, they provide a comprehensive overview of IRD care provision in the UK-geographical coverage is supplied in the Supplementary Material.
Survey design
A literature review was undertaken to inform the survey structure, which was refined using interdisciplinary group meetings of five experts (two health economists; two genetic counsellors; and a consultant in ophthalmic genetics). The telephone survey was piloted (n = 3) and minor changes to questions made. The final survey comprised a structured schedule of open and closed questions about the scope and scale of clinic workload and key elements of care (Supplementary Appendix 1).
Data collection
One researcher (ME) collected responses to the survey using telephone interviews. The answers to closed questions were recorded in a bespoke database. Interviews were audio-recorded to allow transcription of responses to open-ended questions and these data were supplemented using additional field notes.
Data analysis
Having identified all relevant providers of IRD care, survey data were analysed to describe and compare current care provision. Descriptive statistics were used to summarise quantitative data. Data from open-ended questions were collated and analysed using thematic analysis. 12 
Results

Study sample and structure of services
Every RGS in the United Kingdom (n = 23) and four specialist ophthalmology centres offering IRD services were represented (Supplementary Appendix 2). Respondents comprised 20 medically trained consultants, six Genetic Counsellors and one Specialist Registrar all directly involved in the provision of care for IRD.
Ten respondents (37%) provided 'generic' clinics, within clinical genetics departments, for patients with IRD to be seen outside of their normal ophthalmic care. The remit of these 'generic' clinics extended beyond IRD to include a broad range of inherited conditions (hereafter labelled generic). Twelve respondents (44%) described 'dedicated' ophthalmic genetic clinics exclusively provided for patients affected by inherited eye conditions (hereafter labelled dedicated). Five respondents (19%) described providing both generic and dedicated clinics (hereafter labelled dedicated). There was no statically significant difference (Mann-Whitney test; P = 0.158) in the median duration of dedicated (48.75 min) and generic ophthalmology (41.25 min) clinic appointments.
All centres providing generic clinics had input from a consultant geneticist at the initial clinic appointment although one of these centres reported use of that a separate, preceding genetic counsellor-led appointment. Genetic counsellors were involved in 4 of the10 generic clinics and 12 of the 17 dedicated ophthalmology clinics. Involvement of a consultant ophthalmologist in the initial appointment was reported by only one centre providing a generic clinic compared with 14 of the 17 (82%) centres running dedicated ophthalmic genetic clinics. Only one respondent representing a centre providing IRD care in generic clinics reported being Variation in care models for retinal dystrophy M Eden et al able to access support from optometry and vision scientists during the clinic appointment. However, reported availability of optometry support was high in centres who provided dedicated ophthalmology clinics with over four-fifths of these centres (n = 14/17; 82%) being able to involve optometrists in their clinics.
There was reported variation in access to an Eye Clinic Liaison Officer (ECLO) (n = 6/27; 22%) and none of centres providing generic clinics had access to an ECLO. Five respondents (n = 5/27; 19%) stated that their centres have direct access to social workers. All respondents with one exception (n = 26/27; 96%) reported that their centre had access to translation services. Clinic and administrative support was typically provided by administrators employed to support their centre's broader needs rather than having a specific remit to organise services for IRD.
Caseloads
Respondents were asked if they saw patients with IRD/ retinitis pigmentosa as well as with other ophthalmic genetic conditions including childhood glaucoma, optic neuropathy or congenital cataracts. All reported that their remit included providing services for patients and their families with a wide range of IRD and referrals for a wide range of ophthalmic genetic conditions were reported by the majority (n = 26/27; 96%) of respondents. Typically, service providers reported seeing 10 to 20 patients every month; 41% (n = 11/27) of respondents reported seeing this volume of patients regularly. With the exception of two RGCs, caseloads comprised both children and adult patients. In eight (n = 8/27; 30%) clinics caseloads predominately comprised children while the other centres reported that adult patients formed the bulk of their caseload.
Differences in reported monthly caseloads ( Figure 1 ) were observed between centres providing IRD care within generic clinics and those providing dedicated clinics (4.5 compared with 18.1 patients per month, respectively). No centre providing generic clinics reported seeing more than ten IRD patients per month compared with almost half (n = 8/17; 47%) of those offering dedicated ophthalmic genetics clinics.
Referral patterns
The majority of referrals (n = 19/27; 70%) came from hospital ophthalmology departments although referrals from paediatric departments were also common (n = 24/27; 89%). All but one centre received referrals directly from primary care. Direct-from-optician referrals were less common with a third of respondents (n = 9/27; 33%) reporting this referral route, eight of whom were dedicated clinics. All respondents from centres providing only generic clinics for IRD (n = 10/10; 100%) reported ophthalmology to be the main source of referrals. For centres providing dedicated ophthalmic genetic clinics, ophthalmology was cited as the main source of referrals by 12 centres (n = 12/27; 71%) with the remainder of centres (n = 5/17; 29%) reporting that a main source of referral was GP/primary care.
Nature of services provided
Responses to an open-ended question were analysed using themes to describe the nature of the care models for IRD. This analysis demonstrated that after a detailed history, examination plus ophthalmic imaging (in dedicated ophthalmology clinics), diagnoses and prognoses are shared with patients during initial appointments and the relevant management options discussed. Practical help around vision loss, which can include help with registration and signposting to relevant services, was frequently also provided. During the consultations, the potential role of genetic testing is discussed and, where appropriate, a blood sample is taken.
In terms of the management or treatment options provided, over half of the respondents from participating centres providing generic clinics (n = 6/10; 60%) reported that a referral back to ophthalmology was often the only course of action. Two respondents from centres providing generic clinics said that no treatment or management was offered. One respondent reported pre-natal diagnosis as a treatment/management option and two said that they would seek entry for their patients into clinical trials if appropriate.
Genetic testing was reported to be available for IRD patients in all centres. Each respondent was asked whether their centre had ever requested a genetic test for a range of IRDs. No discernible difference in test request activity was observed between centres who offered dedicated compared with genetic clinics. Table 1 shows that a high proportion of centres had experience of ordering tests for each condition.
The primary reasons for ordering genetic tests were patient-driven and focused upon: pre-natal testing; informing reproductive choices; confirming diagnoses and for research purposes. The increasing availability of NGS tests in recent years was noted by respondents, and there was anticipation that requests for new tests were becoming more commonplace.
In all centres a summary letter dictated by the consultant or genetic counsellor would be sent to clinic attendees and the health professional who referred them. Eight (n = 8/27; 30%) respondents-four each from dedicated and generic clinics-estimated a single visit
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Eye to be typical, five (n = 5/27; 19%) respondents (one from a dedicated clinic along with four from generic clinics) considered two visits to be usual and one respondent from a dedicated clinic (4%) reported that three clinic attendances could be expected. The remaining 13 (44%) respondents (eleven dedicated and two generic) did not specify the typical visit frequency. Most centres (n = 25/27; 93%) provided follow-up in clinic with unresolved diagnoses, syndromic implications, and the conveyance of test results being important motivators to offering follow-up.
Discussion
This study expands upon, and updates, the information available from previous studies that have sought to understand care provision for inherited eye conditions. 6 A particular strength of this survey-based study is that all UK RGCs contributed and provided quantitative data that enabled a clear description of the services that are currently provided for patients with IRD. These data were also supplemented by four ophthalmology clinics. This work directly addresses questions that have arisen from multiple UK policy directives 6, 7, 13 in the context of the rapidly shifting landscape of genomic medicine. Such rapid change underlines the need for a broader programme of work aimed at the standardisation of care and development of evidence-based guidelines. Variation in clinical practice throughout the United Kingdom has been confirmed through this work; the survey data demonstrated a marked difference in the quantity of IRD patients seen across the RGCs and ophthalmology centres. Those centres providing dedicated combined genetic ophthalmology clinics-with additional staffing resources-are, on average, seeing four times more patients per month than the centres seeing IRD patients in generic clinical genetics clinics. Future research could be aimed at understanding why there is disparity in caseloads, the impact of this disparity, and the identification of potential barriers to accessing services. It may be the case, for example, that decreased levels of demand are associated with models of IRD care provided in generic clinics.
Our survey forms part of a broader programme of research seeking to improve IRD care. Previous qualitative work within this programme of work has revealed that the needs of families accessing IRD care have not always been satisfied. 5 Combs et al 5 identified how three broad categories of service user expectations could be used with which to align IRD services: families We also recently reported evidence that there are regional inequalities in access to genetic tests for IRD. 14 It is important to consider that observations from our epidemiological study and evidence of variation in care provision from this service evaluation may be linked. In our survey we did not ask about volume of test requests because we were primarily interested in understanding current care pathways (ie, whether or not a patient could expect to be offered a test) for IRDs. The epidemiological data does support the findings of our survey; in that at least some level of testing for IRD is seen throughout the UK, but the observed regional variation in testing rates is unsurprising given the current disparate nature of IRD care. It follows that there is the likelihood that any increase in referrals seen as new NGS genetic tests become available will exacerbate this situation. At a time when genomic technology is demonstrating its increasing potential to be a component of complex interventions, such work represents a first step in ensuring optimal integration into mainstream medical specialties.
Summary
What was known before K Needs and expectations of people accessing services for inherited retinal dystrophy are often not met.
K New models of care are being developed as genomic technology continues to present further opportunities for more people to benefit from genetic test information.
K There is a need to understand how services are currently delivered so that new care models can be evaluated.
What this study adds K All 27 UK centres have described the nature and extent of their service provision for inherited retinal dystrophy.
K Extensive regional variation was observed in numbers of patients seen and in how care is provided.
K This work will allow new care models to be evaluated in terms of their effectiveness and value-for-money.
